Skin fibroblasts from a patient w gous familial hypercholesterolemia (HFH) were with normal skin fibroblasts with regard to bindii ization, and degradation of iodinated human low poprotein (LDL). Like other cell lines from HF the mutant cells showed no suppression of sterol s LDL. Surface binding, measured at O0 to elimir preciable internalization that was shown to occur on the average slightly less for HFH cells than X at low LDL concentrations but comparable or e at high LDL concentrations (>60 ,gg of LDL prot A major defect observed was in the rate of intern LDL at 370, which was only 1-10% of that in n LDL degradation was also markedly reduced bu same extent. Thus, a larger fraction of the LDL t peared to be degraded by the mutant cells. The n defect observed, then, was not in surface binding in rate of LDL internalization. While this migi dary to a defect in specific binding sites of LDL tude of the observed differences in binding at Il ture seems too small to account for the huge dil internalization (13-to 115-fold).
When normal human skin fibroblasts are expose hr to a medium containing lipoprotein-deficier serum there is a marked increase in cholesterol 4 associated with a parallel increase in the activi droxy-3-methylglutaryl coenzyme A reductase density lipoprotein (LDL) is added to the lipop cient serum (LDS), however, and the cells are in an additional 6 hr or more, the rate of cholestei and the level of the reductase are once again sur Brown The integrity of the 125I-LDL was tested by diluting it up to 58-fold with unlabeled LDL and measuring total cell-associated radioactivity after 3 hr at 370 at a constant total LDL concentration (20 jig/ml). The amount of radioactivity retained by the cells decreased in strict proportion to the extent of dilution (i.e., calculated cell-associated LDL in ng of LDL per mg, at each final specific activity, was essentially the same).
LDS was prepared by adjusting the density of whole FCS to 1.24 and centrifuging 72 hr at 180,000 X g. The floating fraction was separated by tube-slicing and the infranatant fraction was dialyzed for 72 hr against 0.15 M NaCl and finally against Dulbecco's phosphate-buffered saline (PBS) (10) .
Cells used for binding and uptake studies were washed three times with PBS and preincubated 15-16 hr in DME containing enough LDS to provide a total protein concentration of 2.5 mg/ml (approximately 7% LDS, vol/vol). On the morning of study this medium was replaced with fresh medium of the same composition. Cells to be studied at 00 were placed on a packing of crushed ice for 15 min before the addition of 125I-LDL. During incubation the dishes on ice were held in a 40 cold room.
At the end of the incubation the medium was drawn off and an aliquot was directly assayed for total 125I. Degradation was determined on a 1-ml aliquot of medium. Carrier serum (0.1 ml) and trichloroacetic acid (final concentration, 10%) were added and the mixture was heated at 1000 for 5 min. After centrifugation at 3000 X g for 10 min, an aliquot of the supernatant fraction was treated to remove free [12' I]iodide (5) . All degradation data refer to noniodide, acid-soluble radioactivity. To calculate net degradation, the values obtained in media incubated with cells at 00 or in media incubated without cells at 370 were subtracted from each experimental result.
After removal of the medium, cells were washed six times with PBS at room temperature (370 incubations) or at 00 (00 incubations). Two milliliters of 0.05% trypsin in Versene buffer was added to each plate and incubated at 370 for 4-6 min. The cells were collected and the plates were also scraped with addition of two 1-ml aliquots of DME containing 10% FCS to arrest trypsin degradation of the LDL. The cells were separated by centrifugation at 3000 X g for 10 min at 40 and an aliquot of the supernatant fluid was assayed for 125I radioactivity (trypsin-releasable radioactivity). The LDL radioactivity released by trypsinization is provisionally identified as LDL bound to the surface of the cell (bound LDL) and that not released as LDL taken into the cell interior (internalized LDL).
The routine method for washing the cells was directly compared with that of Goldstein and Brown (11) . Cells were incubated 3 hr at 00 with 125I-LDL at 10, 20, and 40,ug/ml. Cells were harvested at the indicated times and fractions were analyzed as described under Methods.
for 16 hr at 370 in 0.2 ml of 1 M KOH. The cell digest was diluted. with water to a final volume of 1 ml and aliquots were removed for protein determination (12) and for determination of '25I radioactivity in the lipid fraction.
Sterol synthesis was measured in cells preincubated in DME containing 7% LDS for 18 hr and then incubated for 6 hr in 2 ml of fresh LDS medium containing various concentrations of LDL. Control cultures were maintained for the same period in 7% FCS. After the 6 hr incubation, 2 ,uCi of [1-'4C]acetate (specific activity = 58 mCi/mmol) was added and the incubations were continued for 1 hr. Incorporation into sterols remained linear for 3 hr under these conditions. Increasing total acetate concentration did not increase the calculated rate of incorporation (gtmol of acetate/mg of protein per hr). The medium was removed and the cells were washed three to five times with cold PBS and harvested. The cell pellet was dissolved as described above, an aliquot was taken for protein assay, the remainder was saponified, and nonsaponifiable lipids were extracted with hexane. The hexane extract was washed with 0.1 M sodium acetate and aliquots were added to 10 ml of toluene scintillation fluid for determination of "'C. RESULTS Table 2 , ranged at 370 by the normal cells ranged from 13 to ing from 20 to 47% of that in the normal cells. In two 6-hr be degraded, the values in this column reflect the LDL degraded (B) in relation to the total amount of 1251-LDL taken into the cell over the time of incubation, i.e., the sum of the LDL remaining within the cell at the end of the incubation (A) and the LDL degraded over the course of the incubation (B).
experiments the difference was still greater, the mutant cells degrading only 5-12% as much LDL. If we assume that degradation presupposes internalization, the sum of the LDL internalized and that degraded during the incubation will approximate the integrated total of LDL internalized over the 3-or 6-hr interval. Relating the LDL degraded to this total should provide an index of the fraction of LDL internalized that undergoes degradation ( Table 2 , last column). On the average about 50% of the total LDL internalized by the normal cells was degraded by the end of the incubation but almost 90% was degraded in the case of the mutant cells. The results suggest that the mutant cells have no difficulty in degrading LDL once it has been internalized. DISCUSSION The mutant cells studied here show a marked defect in feedback inhibition of cholesterol synthesis by LDL, a marked defect in degradation of the apoprotein moiety of LDL, and a marked decrease in the total cell-associated 125I-LDL after incubation at 37°. These findings agree with those of Brown, Goldstein, and coworkers in fibroblasts of other HFH patients (4) . When, however, cell-associated radioactivity was After overnight incubation in lipoprotein-deficient medium, the cells were chilled on ice for 15 min, fresh lipoprotein-deficient medium and 125j-LDL were added, and incubation was continued for 2 hr at 00. (16, 17) . Thus, any factor limiting interaction among surface-bound LDL molecules might play a role (e.g., spatial differences in binding or altered membrane fluidity). The observation that the surface area of the mutant cells studied here appears to be significantly greater than that of the normal cells may be relevant in this connection and may indicate some more general abnormality in the cell membrane. Also, the defect may be in some other aspect of the internalization process itself, i.e., it may not be necessary to postulate any marked abnormality in the number of binding sites. For example, the rate of regeneration of surface binding sites during internalization at 370 might be defective in the mutant cells. This would account also for the apparently lower number of binding sites on mutant cells at 370 compared to the number at 00. Finally, the process of LDL internalization may not be fully analogous to endocytosis of other proteins. The lipid moiety of the lipoproteins could play a unique and significant role in their interaction with the cell membrane. Thus, there could be a defect evident only in uptake of lipoproteins or only in uptake of certain classes of lipoproteins.
The P.A. line studied here, like the HFH cells studied by Goldstein and Brown (3), showed no "feedback" control of sterol synthesis even at high levels of LDL. Yet at high concentrations of LDL in the medium, the mutant cells do degrade significant amounts of LDL. Although this is always less than the amount degraded by the normal cells at the same high concentration, it can be comparable to that degraded by normal cells at low LDL concentrations, yet there is not accompanying inhibition of sterol synthesis. Either one must postulate that interaction with specific receptors on the membrane is a necessary component of the control mechanism as suggested by Brown, Goldstein et al. (4, 15) or, alternatively, that the fate of LDL entering the mutant cells is different in some fashion, as suggested by the present result showing an apparently greater fractional degradation ( Table   2 ).
